in the United States occur among adolescents aged 10 school-based vaccination delivery systems to ; ! 0 . , , ' -1`~`~b e acceptable and efficient.1S'2 In Denver, a free, voluntary school-based hepatitis B vaccination program was offered to students in * a the sixth grade during the 1996-1997 school year. We report on a study done to evaluate the cost-effectiveness of this school-based hepatitis B vaccine delivery system and compare these costs with those of a vaccine delivery system associated with a network health maintenance organization (HMO).
The methodology used here has potential application in evaluating other vaccine delivery systems.
Methods

Setting
The project was implemented in 18 middle schools of the Denver Public Schools (DPS) system that had on-site health clinics with full-time nurses. The program was made possible through a collaboration between the Denver Health and Hospital Authority (hereafter called Denver Health) and its Public Health Department and Community Health Services; DPS; the Colorado Department of Public Health and Environment; the Centers for Disease Control and Prevention; and the health plans Kaiser Permanente of Colorado, PacifiCare Health Systems, Inc, and Colorado Access.
Denver County, which includes the city of Denver, has an ethnically diverse population of nearly 500 000, which is served by a single large public school district. Denver Health is the largest primary health care provider for this population and delivers vaccines through its family health centers, school-based clinics, and public health department.
PacifiCare, a network individual practice association HMO data entry into the vaccine registry, and evaluation ofclinic effectiveness at each site. Costsfor the PacifiCare program. PacifiCare reimburses network physicians for the average wholesale price of the vaccine, a 10% markup, and $7.50 in administration costs, which covers the costs of giving the injection, supplies other than the vaccine (alcohol, swab, cotton, syringe and needle, and bandage), and documentation. The societal cost is defined as the cost to the network HMO plus the cost to the patient, which includes the copayment and the cost of work lost by the parents. PacifiCare estimated the time for administration of the complete hepatitis B series as 9 hours (3 clinic visits of 3 hours each). For working parents, this time had to be taken as sick leave, vacation time, or leave without pay and therefore carried an opportunity cost. In a recent patient survey, PacifiCare found that children were taken to the pediatrician by a woman (usually the mother) 85% ofthe time.
No information was available about the employment status or income of parents in the PacifiCare HMO. Instead, estimates of work loss costs were based on 1996 US Bureau of the Census data for incomes of married-couple families with 1 or more children aged 6 to 17 years.'4 Estimates were calculated for all combinations of employment status for husband and wife (full-time work, work, or no work). For the estimated relative income of husband and wife, it was assumed that on average women earned 74% as much as men in 1996.
In calculating the cost per completed series, we excluded from the denominator all students who did not complete the series. However, the doses delivered to those students who did not complete the series were included in the denominator of the cost per dose administered. Because 2. We identified uncertain cost variables as well as their possible probability distributions. To study the effects of different cost structures, we randomly varied these costs according to a probability distribution chosen on the basis of available information about the data set. We then represented most of these costs as random variables arising from the triangular distribution, a probability distribution often used in the absence of a large data set.
3. We put the probability distributions into the spreadsheet and substituted the appropriate triangular random variables for the analogous point estimates, using the software package @RISK, an Excel add-in. '5 4. We simulated sets of values for the probability distribution functions contained in the cells and formulas of the spreadsheet, using Monte Carlo sampling and @RISK to sample realizations ofthe above random variables to simulate the cost structure.
5. We recalculated the spreadsheet, using the new sampled values to determine the range and probabilities ofall possible outcomes. We performed 1000 independent trials of the simulation and stored the resulting cost sample statistics and empirical distributions for subsequent analysis.
6. We performed a sensitivity analysis to determine which cost categories were the most significant with regard to the total cost of the school-based inoculation program.
Simulation model: PacifiCare. For each combination of parental employment status (e.g., husband working full-time and wife working part-time), 800 independent trials of the simulation were run to estimate work loss costs. Data used in the simulations included probabilistic estimates around the mean of family income. Other data included estimates of the hours per doctor visit, the probability of the wife's vs the husband's taking the child to the doctor, the female-to-male wage differential, and the number of hours worked per year (mean 2082 for full time).
Results
Costs and CERs for the school-based program are shown in Tables 1 and 2, respec- tively. Estimated work-loss costs for parents bringing their children to the PacifiCare network HMO are shown in Table 3 .
Intermediate Health Outcomes
During the 1996-1997 school year, 3903 (84%) of the 4665 sixth-grade students given consent forms rerned the completed fonm. Of these 3903 students, 3359 (86%) accepted and 544 (14% ) declined vaccination. Of those who accepted vaccination, 2855 (85%) completed the vaccine series; 2490 (87%) received all 3 doses of vaccine at DPS, and 365 (13%) received 1 or more doses elsewhere. In total, 8886 doses ofhepatitis B vaccine were given to students by DPS; 8156 (92%) of these doses were given to students who completed the series.
Of the 504 students with signed consent forms who did not complete the series, 317 (63%) left the school system during the vaccination program and 185 (37%) were chronically absent or had other reasons not to be vaccinated. Of these 504 students, 277 (55%) received 2 doses, 176 (35%) received 1 Table 3 shows the combinations of parental work status and the corresponding estimates of work loss costs, reported as the mean of 800 simulations for each. The highest work loss estimate ($46.69) occurs for families in which the wife worked full time and the husband did not work. For families in which the husband worked full time and the wife had some work, the estimate is $40.36. Figure 2 depicts total costs for administration of the vaccine in the HMO, including the work loss estimates as increments above the fixed copayment cost of $10 and vaccine and administration costs of $68.06. For families in which the husband worked full time and the wife had some work, the total estimated cost is therefore $118. 
